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Schizophrenia is a holergasia with unclear mechanism and high heterogeneity. Auditory
verbal hallucination (AVH) study might help in understanding schizophrenia from the
perspective of individual symptoms. This study aimed to investigate the activities of the
resting-state networks (RSN) in the electroencephalogram (EEG) and mismatch negativity
(MMN) in task-related state of schizophrenia patients with AVH. We recruited 30
schizophrenia patients without any medication for more than 4 weeks (15 AVH patients
and 15 Non-AVH patients) and 15 healthy controls. We recorded the EEG data of the
participants in the resting-state for 7 min and the event-related potential (ERP) data under
an auditory oddball paradigm. In the resting-state EEG network, AVH patients exhibited a
higher clustering coefficient than Non-AVH patients and healthy controls on delta and beta
bands and a shorter characteristic path length than Non-AVH patients and healthy
controls on all frequency bands. For ERP data, AVH patients showed a lower MMN
amplitude than healthy controls (p = 0.017) and Non-AVH patients (p = 0.033). What’s
more, MMN amplitude was positively correlated with clustering coefficient, and negatively
correlated with characteristic path length on delta, theta, beta and gamma band in AVH
patients. Our results indicate that AVH patients showed a hyper-activity in resting-state
and may have impaired higher-order auditory expectations in the task-related state than
healthy controls and Non-AVH patients. And it seems reasonable to conclude that the
formation of AVH may occupy certain brain resources and compete for brain resources
with external auditory stimuli.

Keywords: schizophrenia, auditory verbal hallucination (AVH), event-related potential, mismatch negativity (MMN),
resting-state network (RSN)
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INTRODUCTION

Schizophrenia, which typically starts between late adolescence
and early adulthood, is characterised by incompatibility among
thought, behaviour, emotion and the surrounding environment
(1, 2). The disease has an unclear cause, long course, tendency to
relapse, and poor treatment effect, which bring a serious burden
to society (3). Schizophrenia has always been regarded as a whole
in research; however, this approach is inaccurate owing to the
heterogeneity of the disorder (4). Schizophrenia from the
perspective of individual symptoms may be easily understood
(5). One of the most prevalent symptoms of schizophrenia is
hallucination (6), which refers to an illusory perception (7) that
occurs in the absence of external stimulus and with a clear
consciousness state. Auditory verbal hallucination (AVH)
involves the perception of speech in the absence of external
sensory stimulation, occurs with a 50%–80% probability (8) and
is the most common hallucination of schizophrenia. The study of
independent AVH may be conducive to understanding
schizophrenia (9).

In order to explore how AVH occurs spontaneously from the
brain’s intrinsic activity. Amount works had been done by
studying the brain in its so-called “resting state,” which refers
to the intrinsic patterns of brain activity that are observable in the
absence of an external task (10). Many early studies have found
increased resting activity in the upper or middle temporal lobe in
the presence of AVH (11). Dierks compared activation level of
resting-state in the same schizophrenia patients group on and
offset AVH and found that the activation level of auditory cortex
in schizophrenia patients on AVH was increased (12). Allen et al.
observed that the secondary auditory cortex was particularly
active when AVH occurred (13). In a case study involving a
patient with chronic AVH, elevated activity of the right medial
temporal and left superior temporal gyri without external speech
was observed (14). The bilateral temporal cortex is overactive
when AVH occurs in schizophrenia (15).

The mismatch negativity (MMN) is an electrophysiological
response that is elicited when a sequence of identical
auditory stimuli is infrequently interrupted by a stimulus that
deviates from the standard stimulus along one or more
dimensions, which appears to represent the automatic change
detection process that occurs when an acoustic event violates
expectations maintained by the active auditory trace (16, 17).
Some studies showed that the decreased amplitude and
prolonged latency of MMN are related to the positive
symptoms of schizophrenia (18), and MMN abnormality in
schizophrenia patients is mainly manifested in the decrease of
amplitude (19). MMN in the fronto-temporal lobe is atypical in
schizophrenia patients with AVH (20).

Spontaneous potential is a kind of electroencephalogram
(EEG) recorded without stimulation. Brain network analysis is
a data processing method and brain network topology can be
established from EEG data (21). When stimulation is introduced,
the event-related potential (ERP), an EEG recorded during the
advanced cognitive processing of an object (attention, memory
or judgment), is obtained (22). ERP with an excellent temporal
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resolution is an ideal tool for studying the cognitive function of
patients with psychiatric problems and has an extremely
sensitive response to cognitive processing. The latency of ERP
component refers to the time interval between the stimulus
point and ERP component, reflecting the speed at which the
brain processes stimuli, whereas the amplitude reflects the
brain’s ability to respond to stimuli and resources (such as the
number of neurons initiated) devoted to it.

Amount of works had been done on resting-state or task-related
state activities in schizophrenia patients with AVH. Various articles
from functional magnetic resonance imaging have posited a specific
link between RSN [such as default mode network (23, 24), central
executive network (25), auditory, and language regions (26–28)]
and AH. Few EEG/magnetoencephalography studies have
examined the resting state in relation to AVH (29) and found
that the occurrence of AVH has been associated with increased beta
oscillations in left frontoparietal regions (30) and increased gamma-
theta in frontotemporal areas (31).But inadequate AVH severity and
the effects of antipsychotic drugs have not been considered in these
studies (32), and it is still unclear how this hyper-activated resting-
state can affect the activity of the task-related state.

In this present study, we recruited drug-free schizophrenia
patients with or without AVH and age-matched healthy controls.
We recorded the EEG data in the resting-state and their
corresponding ERP data during the auditory oddball
paradigm. We aimed to examine the activities of the resting
EEG brain networks and MMN in task-related state of
schizophrenia patients with AVH and explore whether there
were some relations between these two states.
MATERIALS AND METHODS

Participants
Patients were recruited from the psychiatric outpatient department
of the Second Xiangya Hospital of Central South University from
June to December 2014. The inclusion criteria of the patients were as
follows: (a) aged between 18 to 60 years, (b) met ICD-10 criteria for
schizophrenia, (c) drug-free or has washed out more than 4 weeks
and (d) normal hearing and right-handed. The exclusion criteria
were as follows: (a) history of head injury resulting in loss of
consciousness, (b) diseases of physical illness or neurological
disorders, (c) comorbid with other mental disorders and with
other forms of hallucinations, (d) alcohol or drug abuse history,
and (e) received electroconvulsive therapy treatment in the past year.
Patients meeting the diagnostic criteria for schizophrenia, according
to ICD-10, were assessed by two senior clinical psychiatrists by using
the Positive and Negative Symptom Scale (33).

We divided the schizophrenia patients into AVH patients and
Non-AVH patients. The AVH patients consisted of 15 patients
with a current history of AVH, as evidenced by a score ≥ 3 (“mild
or greater hallucinatory experiences”) on the hallucination item
of the PANSS positive symptom scale and the Non-AVH
patients consisted of 15 patients with no lifetime history of
AVH. Healthy controls (n = 15) were recruited from the local
community by advertisement. The study was approved by the
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local ethics committee, and written informed consent was
obtained from each participant.

Auditory Oddball Task
The program was performed using the E-prime 2.0 software.
Briefly, the subjects received auditory stimulus sequences
consisting of 540 standard stimuli and 60 deviant stimuli
delivered randomly. MMN can be elicited by auditory oddball
paradigm and is the negative waveform peaking between 100 and
250 ms after stimulation without subjective effort or subjective
interference (16, 17). The processing of auditory stimuli is
complex, especially the encoding of duration. If AVH and
shortages of auditory resources are found, the brain is most
likely to make mistakes in the encoding of duration. Therefore,
this study chose duration deviation to induce MMN (34). The
probabilities of hearing standard and deviant stimuli were 90%
and 10%, respectively. The inter-stimulus interval was 500 ms.
The stimulus was delivered binaurally through Sennheiser
headphones. The subjects were instructed to watch a neutral
exposition to ignore the stimuli. The auditory stimulus had a
pure tone and was applied in different durations (standard: 100
ms, deviant: 50 ms). The frequency of the pure-tone stimuli was
1,000 Hz, and the loudness was 70 dB (35).

Data Recording
EEG data were recorded with an electrode cap with Ag/AgCl
electrodes at 64 scalp sites according to the modified 10–20
system of electrode placement. Vertical electro-oscillogram was
recorded from one electrode fixed below the right eye. The
reference electrode was at FCz. All the electrode impedances
were maintained below 5 kW. Electrical activity was recorded by
using the Brain Vision Recorder software (Germany, Brain
Products) with an amplifier band pass of 0.1 and 1,000 Hz and
digitised at 500 Hz. The first block of the experiment was to
record the resting-state EEG data for 7 min when the participants
were asked to sit quietly with their eyes closed. After the first
block, the participants had a break for 1–2 min. In the second
block, the ERP data were recorded when the subjects received the
auditory oddball task.

Analyses of the Resting-State EEG Data
and ERP Data
We estimated Coherence (Coh), which is the linear relationship at a
specific frequency between the two signals x(t) and y(t) on the basis
of their cross-spectrum (36). In brief, Coh is expressed as follows,

Cohxy(f ) =
jSxy(f )j2

Sxx(f )Syy(f )

Sxy(f) indicates the cross-spectrum of x(t) and y(t) at the
frequency f; Sxx(f) and Syy(f) denote the autospectrum from the
fast Fourier transformation on x(t) and y(t), respectively.

Network analysis was performed using electrodes as the
nodes. The coherence between electrode pairs was used to
measure the interactions between two regions. After the
weighted network was calculated, a threshold (0.200) that can
guarantee the connection of network was used to binarize the
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network. Based on the binarised network, the characteristics of
the network can be quantitatively denoted by the network
measurements, including clustering coefficient (C) and
characteristic path length (L) (21). The weighted matrix
obtained from Coh is referred to as w, and wij represents the
connectivity between nodes i and j. Node number is denoted by
N, and the set of all nodes in the network is denoted by W. For a
given threshold T, the adjacent matrix w is binarized as,

wij =
1,wij ≥ T

0,wij < T

(

The threshold is 0.200. ki is the degree of the node i that was
defined as,

ki = o
j∈W

wij

ti is the number of triangles that can be formed between node
i and its neighboring nodes, and was defined as,

ti
1
2 o
j,h∈W

wijwihwjh

dij is the shortest path between node i and node j. The
characteristic path length L for a graph can then be defined as,

L =
1
N o

i∈W
Li =

1
N o

i∈W

Sj∈W,j≠idij
N − 1

The clustering coefficient can be calculated as,

C =
1
N o

i∈W

2ti
ki(ki − 1)

Five frequency bands including delta (1–4 Hz), theta (4–8
Hz), alpha (8–13 Hz), beta (13–30 Hz) and gamma (30–60 Hz),
were selected for analysis.

MMN was acquired at Fz electrode, because MMN was
predominantly distributed in the frontal–central area. The
offline data of the second block was processed by using the
Brain Vision Analyser 2.0 system (Brain Products GmbH,
Germany). EEG data were referenced to the average of
mastoids (TP9 and TP10). EEG signals were bandpass filtered
using a 0.5–30 Hz (50 Hz notch). Eye movements and eye blinks
were removed using an independent component analysis (ICA).
Artefact rejection procedures were applied to all epochs (−200
ms pre-stimulus to 450 ms post-stimulus), with a baseline
correction from −200 ms to 0 ms pre-stimulus. The latency
and amplitude of MMN were measured. Latency refers to the
time from the beginning of stimulation to the maximum negative
peak between 100 and 250 ms, and its amplitude is the vertical
distance from the baseline to the maximum peak.
STATISTICAL ANALYSIS

Statistical analyses were carried out by using the Statistics
Product and Service Solutions (SPSS18.0) software package.
August 2020 | Volume 11 | Article 765
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Cochran & Cox Approximate t-test was used in the analysis of
PANSS-P3 score between the two patient groups. For the
resting EEG data, repeated-measures ANOVA with group
(AVH patients, Non-AVH patients, healthy controls) as
between-subject variable, and frequency band (delta, theta,
alpha, beta and gamma) as within-subject variable. For the
ERP data, one-way ANOVA was performed. All post-hoc
analyses used the Bonferroni adjustment. Statistical analyses
were adjusted for variance nonsphericity using the
Greenhouse-Geisser correction (37). Statistical significance
was considered at p < 0.05. Spearman correlation analysis was
applied to explore the relationship between MMN amplitude
and properties of resting EEG data in AVH patients.
RESULTS

Demographic Results
The demographic information for all participants is presented in
Table 1. The schizophrenia patients and healthy controls were
matched with respect to age, gender and education level. The two
patient groups had no significant difference in PANSS positive
symptom, negative symptom and general psychopathology. The
difference in the PANSS-P3 was statistically significant between
AVH patients and Non-AVH patients, and AVH patients had a
higher PANSS-P3 score (t’ = 15.08, p < 0.001).

Resting EEG
For clustering coefficient, a significant interaction of group ×
frequency band (F = 2.320, p = 0.037) was also observed. And
further simple effect analyses found that on delta and beta bands
AVH patients had a higher clustering coefficient than Non-AVH
patients (delta band: p = 0.042; beta band: p = 0.038) and healthy
controls (delta band: p = 0.001; beta band: p = 0.002), on theta
and gamma bands AVH patients showed a higher clustering
coefficient than healthy controls (theta band: p = 0.023; gamma
band: p = 0.019), and on alpha band, no significant difference was
found among three groups. See in Figure 1.

For characteristic path length, main group was found (F =
7.754, p = 0.002) and post-hoc test showed that AVH patients
had shorter characteristic path length than Non-AVH patients
Frontiers in Psychiatry | www.frontiersin.org 4
(p = 0.034) and healthy controls (p = 0.002). No interaction of
group × frequency band was observed.

MMN
Grand averages of MMN is presented in Figure 2. For the MMN
latency, no significant differences were observed (Table 2). For
MMN amplitude, a significant effect was found. Post hoc test
revealed statistical differences between AVH patients and healthy
controls (p = 0.017), and the MMN amplitude of AVH patients
was smaller than the healthy controls. Post hoc test also revealed
statistical differences between AVH patients and Non-AVH
patients (p = 0.033), and the MMN amplitude of AVH patients
was smaller than Non-AVH patients. No statistical difference
was found between healthy controls and Non-AVH patients.

The brain topographies at the Fz electrode are shown in
Figure 3. It reflects the EEG changes from 100–248 ms after
stimulation. The negative wave appeared gradually at
approximately 138 ms and was increased with time. The
amplitude reached the maximum during 176–212 ms and then
decreased gradually. The differences between groups were obvious
from 176–212 ms. The amplitude of the negative wave in AVH
patients was lower than that in healthy controls and Non-
AVH patients.

Correlation Analysis in AVH Patients
Spearman correlation analysis between MMN amplitude and
properties of resting EEG data in AVH patients is presented
in Table 3. MMN amplitude was positively correlated
with clustering coefficient and negatively correlated with
characteristic path length in the delta, theta, beta and gamma
band. Because MMN is a negative ERP component, positive
loadings indicate smaller amplitudes while negative loadings
indicate larger amplitude.
DISCUSSION

Due to the complexity and variety of schizophrenia symptoms,
as well as the interaction between symptoms, auditory-
hallucination-related research is very difficult to implement.
The pathogenesis of AVH in schizophrenia has not been fully
understood, and no complete neurocognitive theory can
TABLE 1 | Demographic information for participant and trait questionnaires.

Item AVH patients (n = 15) Non-AVH patients (n = 15) healthy controls (n = 15) Statistic values p

Age (year) 29.07 ± 5.67 27.64 ± 5.55 29.00 ± 5.16 H = 0.437 0.804
Gender (male/female) 10/5 11/4 10/5 X 2 = 0.207 0.902
Education level (year) 13.47 ± 2.29 13.64 ± 3.53 15.69 ± 1.82 H = 0.161 0.923
Illness duration (month) 8.23 ± 7.93 11.09 ± 5.45 – Z = -1.345 0.164
PANSS positive symptom 15.80 ± 2.83 13.73 ± 2.90 – t = 1.824 0.081
PANSS negative symptom 14.47 ± 7.65 15.09 ± 7.49 – t = -0.207 0.837
PANSS general psychopathology 32.07 ± 6.78 30.45 ± 7.16 – t = 0.585 0.564
PANSS-P3 5.33 ± 1.11 1.18 ± 0.40 – t’ = 15.083 0.000
August 20
20 | Volume 11 | Artic
H, kruskal-wallis H test of multiple samples; X2, Pearson’s chi-squared test; t, independent t-test; t’, Cochran & Cox Approximate t test; W,Wilcoxon rank sum test; Values are presented as
mean ± SE. Where the data were unavailable or no data, a hyphen “-” was used.
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explain it yet (38–40). In this study, we explored the EEG
changes from the resting-state to the task-related sate in
schizophrenia patients with AVH by using the ERP method.
We processed the resting EEG data by brain network analysis
Frontiers in Psychiatry | www.frontiersin.org 5
and compared the MMN induced by auditory oddball
paradigm among AVH patients, Non-AVH patients, and
healthy controls. In the resting-state, we found AVH patients
had a higher clustering coefficient on delta and beta band and a
FIGURE 1 | Network properties on delta, theta, alpha, beta, and gamma bands for auditory verbal hallucination (AVH) patients, non-AVH patients, and healthy controls.
FIGURE 2 | Grand average mismatch negativity (MMN) waveforms for auditory verbal hallucination (AVH) patients, non-AVH patients, and healthy controls at Fz.
August 2020 | Volume 11 | Article 765
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shorter characteristic path length on all bands than Non-AVH
patients and healthy controls. In the task-related state,
AVH patients showed smaller MMN amplitude than
Non-AVH patients and healthy controls. What’s more, MMN
Frontiers in Psychiatry | www.frontiersin.org 6
amplitude was positively correlated with the clustering coefficient,
and negatively correlated with characteristic path length.

The clustering coefficient evaluates the number of connections
between neighbors, which provides a measure of the local
TABLE 2 | ANOVA results for the mismatch negativity (MMN) latency and amplitude.

AVH patients Non-AVH patients healthy controls F p

latency 179.20 ± 12.667 177.36 ± 14.762 177.23 ± 16.361 0.063 0.939
amplitude 2.93 ± 1.684 4.48 ± 1.290 4.56 ± 1.305 5.514 0.008
August 2
020 | Volume 11 | Artic
FIGURE 3 | Brain topographies at Fz electrode of an interval 100–115 ms for auditory verbal hallucination (AVH) patients, non-AVH patients, and healthy controls.
TABLE 3 | Spearman correlation analysis between mismatch negativity (MMN) amplitude and properties of resting network in auditory verbal hallucination
(AVH) patients.

clustering coefficient characteristic path length

delta theta alpha beta gamma delta theta alpha beta gamma

MMN .604** .582** .192 .571** .365* -.574** -.570** -.294 -.605** -.325*
*Spearman correlation, p < 0.05; **Spearman correlation, p < 0.01.
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structure of the network (local segregation) and an indicator of the
efficiency of information transfer (41, 42). The characteristic path
length evaluates the number of steps from one node to another for
all possible pairs of nodes and it is usually interpreted as a metric
of information integration across the overall network, which refers
to the capacity of the network to become interconnected and
exchange information (43, 44). The larger baseline clustering
coefficient in AVH patients may reflect higher and more
segregated cortical activity and the shorter characteristic path
length in AVH patients may reflect more active information
exchange in the resting-state brain network.

Our results are similar to previous findings. At rest, Lee et al.
(30) reported greater amplitude of beta oscillations in
schizophrenia patients with treatment-refractory AVH compared
those without AVH, with group differences localizing to left
frontoparietal regions implicated in speech and language
processing. A meta-analysis demonstrated that experiencing
AVH is associated with increased activity in fronto-temporal
areas involved in speech generation and perception (11). In
schizophrenia patients, the bilateral temporal cortex was over-
activated during AVH (15). Repetitive transcranial magnetic
stimulation could reduce intractable AVH by reducing the degree
of activation of the left superior temporal gyrus (45). So, AVH
patients may have an activated brain RSN.

In addition to schizophrenia, AVH in non-schizophrenia is
also related to the activation of brain regions (46). In healthy
individuals, high hallucination-prone participants reported high
false alarms (i.e., reported a voice when it was not), while the
temporal cortex showed high activation during these false alarms
(47). To exclude the effects of delusions, negative symptoms, and
antipsychotics, Remko van Lutterveld and coworkers (48)
collected non-psychotic individuals with AVH to study AVHs
by using resting-state fMRI. They found that in comparison with
non-hallucinating controls, nonpsychotic individuals with AVH
exhibit increased function in the temporal cortices (48). Therefore,
AVH may be related to the activation of brain regions, and the
activated brain RSN might be a neurobiological basis for auditory
hallucination in schizophrenia.

In comparison with healthy controls and Non-AVH patients,
AVH patients showed smaller MMN amplitude. These results are
consistent with those of previous studies. AVH patients generally
exhibited a lower duration MMN compared with healthy controls,
particularly at F3 and Fz (49). And as measures of AVH increase,
there is a corresponding decrease in MMN amplitude (50).
Schizophrenia patients with clear, persistent AVH exhibited
reduced MMN amplitude to duration than healthy controls and
Non-AVH patients, while Non-AVH patients were not significantly
different than healthy controls (4). AVH may contribute to MMN
deficits in schizophrenia patients (49), and theMMNamplitude was
correlated to the state and trait measures of AVH (19, 50), which
further confirmed that AVH might affect the formation of MMN.
MMN reflects a failure in higher-order auditory expectations
(16, 17). So, AVH patients may have impaired higher-order
auditory expectations than healthy controls andNon-AVHpatients.

MMN was predominantly distributed in the frontal–central
area, so in this study, we chose Fz electrode to extract MMN. The
Frontiers in Psychiatry | www.frontiersin.org 7
EEG topographies show that negative waves reached their
maximum from 176–212 ms after stimulation and the largest
negative wave appeared in the frontal–central area. This finding
was in line with previous magnetoencephalography findings (51)
and agree with the characteristic that MMN enhanced the
processing in the central and frontal regions (52).

We found that AVH patients showed higher activity level in the
resting-state brain network, and when external auditory stimuli
occurred, AVH patients showed smaller MMN amplitude. What’s
more, correlation analysis found that MMN amplitude positively
correlated with clustering coefficient, and negatively correlated
with characteristic path length characteristic path length in the
delta, theta, beta, and gamma band. So, there may be some relation
between anomalies in the two states. We speculated that the
formation of AVH might occupy certain brain resources, which
leads to an increased brain activation level and compete for the
limited brain resources with external auditory stimuli (51, 53).
Which then leads to relatively inadequate brain resources in the
process of external auditory stimuli and MMN deficits. The
activation of the auditory cortex in schizophrenia patients with
AVH was reduced when receiving external speech (54), which
might be caused by the competition between AVH and normal
external speech for resources within the temporal cortex. Hubl
et al. found that AVH lowered the N100 amplitude and changed
the topography presumably due to a reduced left temporal
responsivity (55), which indicates a competition between AVH
and the normal stimuli for physiological resources in the primary
auditory cortex, and that the abnormal activation of the primary
auditory cortex may be a constituent of AVH (55).

This study has some limitations which need to be considered
when interpreting the results. The biggest is the relatively small
sample size, which limitied our statistical power to detect the smaller
between-group differences and reduces the reliability of results. In
this study, the values of clustering coefficient, characteristic path
length and MMN amplitude in Non-AVH patients were between
those in AVH patients and healthy controls. Unfortunately, no
statistical difference was found between healthy controls and Non-
AVHpatients, which was inconsistent with previous studies (17, 56)
and may be partly due to the small sample size. Increasing the
sample size in future studies would provide opportunities to identify
additional differences. In addition, patients collected in this study
were untreated patients with serious auditory verbal hallucination.
Butwe did not assess whetherAVHactually occurredwhen the EEG
data were recorded. This topic is the first step for us to study the
specific symptoms of schizophrenia. In the future, we will further
confirm our results by changing stimulus materials, enlarging the
sample size, comparing the situation before and after medication,
and collecting refractory AVHpatients for a better understanding of
the mechanism of AVH and schizophrenia.
CONCLUSION

In summary, our results indicate that AVH patients showed a
hyper-activity in resting-state and may have an impaired higher-
order auditory expectations in the task-related state than healthy
August 2020 | Volume 11 | Article 76
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controls and Non-AVH patients. And it seems reasonable to
conclude that the formation of AVH may occupy certain brain
resources and compete for brain resources with external
auditory stimuli.
DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the article/
supplementary material.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Biomedical Ethics Board of the Second Xiangya
Hospital. The patients/participants provided their written
informed consent to participate in this study.
Frontiers in Psychiatry | www.frontiersin.org 8
AUTHOR CONTRIBUTIONS

LT designed the study and wrote the protocol. YF managed the
analyses, and QS wrote the first draft of the manuscript. XP, YS,
JC, and LW contributed to conducting the study. All authors
contributed to the article and approved the submitted version.
FUNDING

This study was supported by the Fundamental Research Funds
for the Central Universities of Central South University.
ACKNOWLEDGMENTS

The authors thank all individuals who served as the
research participants.
REFERENCES

1. van Os J, Kapur S. Schizophrenia. Lancet (2009) 374(9690):635–45.
doi: 10.1016/s0140-6736(09)60995-8

2. Wen Y, Nie X, Wu D, Liu H, Zhang P, Lu X. Amusia and cognitive deficits in
schizophrenia: is there a relationship? Schizophr Res (2014) 157(1-3):60–2.
doi: 10.1016/j.schres.2014.05.029

3. Ford JM, Dierks T, Fisher DJ, Herrmann CS, Hubl D, Kindler J, et al.
Neurophysiological studies of auditory verbal hallucinations. Schizophr Bull
(2012) 38(4):715–23. doi: 10.1093/schbul/sbs009

4. Fisher DJ, Labelle A, Knott VJ. The right profile: mismatch negativity in
schizophrenia with and without auditory hallucinations as measured by a
multi-feature paradigm. Clin Neurophysiol (2008) 119(4):909–21.
doi: 10.1016/j.clinph.2007.12.005

5. Shapleske J, Rossell SL, Chitnis XA, Suckling J, Simmons A, Bullmore ET,
et al. A computational morphometric MRI study of schizophrenia: effects of
hallucinations. Cereb Cortex (2002) 12(12):1331–41. doi: 10.1093/cercor/
12.12.1331

6. David AS. Auditory hallucinations: phenomenology, neuropsychology and
neuroimaging update. Acta Psychiatr Scand Suppl (1999) 395(s395):95–104.
doi: 10.1111/j.1600-0447.1999.tb05988.x

7. David AS. The cognitive neuropsychiatry of auditory verbal hallucinations: an
overview. Cognit Neuropsychiatry (2004) 9(1-2):107–23. doi: 10.1080/
13546800344000183

8. Alderson-Day B, McCarthy-Jones S, Fernyhough C. Hearing voices in the
resting brain: A review of intrinsic functional connectivity research on
auditory verbal hallucinations. Neurosci Biobehav Rev (2015) 55:78–87.
doi: 10.1016/j.neubiorev.2015.04.016

9. Thorsen AL, Johansson K, Loberg EM. Neurobiology of cognitive remediation
therapy for schizophrenia: a systematic review. Front Psychiatry (2014) 5
(5):103. doi: 10.3389/fpsyt.2014.00103

10. Northoff G. Immanuel Kant’s mind and the brain’s resting state. Trends
Cognit Sci (2012) 16(7):356–9. doi: 10.1016/j.tics.2012.06.001

11. Jardri R, Pouchet A, Pins D, Thomas P. Cortical activations during auditory
verbal hallucinations in schizophrenia: a coordinate-based meta-analysis. Am
J Psychiatry (2011) 168(1):73–81. doi: 10.1176/appi.ajp.2010.09101522

12. Dierks T, Linden DE, Jandl M, Formisano E, Goebel R, Lanfermann H, et al.
Activation of Heschl’s gyrus during auditory hallucinations. Neuron (1999) 22
(3):615–21. doi: 10.1016/s0896-6273(00)80715-1

13. Allen P, Laroi F, McGuire PK, Aleman A. The hallucinating brain: a review of
structural and functional neuroimaging studies of hallucinations. Neurosci
Biobehav Rev (2008) 32(1):175–91. doi: 10.1016/j.neubiorev.2007.07.012

14. Bentaleb LA, Beauregard M, Liddle P, Stip E. Cerebral activity associated with
auditory verbal hallucinations: a functional magnetic resonance imaging case
study. J Psychiatry Neurosci (2002) 27(2):110–5. doi: 10.1016/S0022-3956(01)
00053-X

15. Hoffman RE, Hampson M, Wu K, Anderson AW, Gore JC, Buchanan RJ,
et al. Probing the pathophysiology of auditory/verbal hallucinations by
combining functional magnetic resonance imaging and transcranial
magnetic stimulation. Cereb Cortex (2007) 17(11):2733–43. doi: 10.1093/
cercor/bhl183

16. Naatanen R, Paavilainen P, Rinne T, Alho K. The mismatch negativity
(MMN) in basic research of central auditory processing: a review. Clin
Neurophysiol (2007) 118(12):2544–90. doi: 10.1016/j.clinph.2007.04.026

17. Erickson MA, Ruffle A. Gold JM. A Meta-Analysis of Mismatch Negativity in
Schizophrenia: From Clinical Risk to Disease Specificity and Progression. Biol
Psychiatry (2016) 79(12):980–7. doi: 10.1016/j.biopsych.2015.08.025

18. Rentzsch J, Shen C, Jockers-Scherubl MC, Gallinat J, Neuhaus AH. Auditory
mismatch negativity and repetition suppression deficits in schizophrenia
explained by irregular computation of prediction error. PloS One (2015) 10
(5):e0126775. doi: 10.1371/journal.pone.0126775

19. Fisher DJ, Smith DM, Labelle A, Knott VJ. Attenuation of mismatch
negativity (MMN) and novelty P300 in schizophrenia patients with
auditory hallucinations experiencing acute exacerbation of illness. Biol
Psychol (2014) 100:43–9. doi: 10.1016/j.biopsycho.2014.05.005

20. Todd J, Harms L, Schall U, Michie PT. Mismatch negativity: translating the
potential. Front Psychiatry (2013) 4:171. doi: 10.3389/fpsyt.2013.00171

21. Rubinov M, Sporns O. Complex network measures of brain connectivity: uses
and interpretations. Neuroimage (2010) 52(3):1059–69. doi: 10.1016/
j.neuroimage.2009.10.003

22. Honing H, Bouwer FL, Haden GP. Perceiving temporal regularity in music:
the role of auditory event-related potentials (ERPs) in probing beat
perception. Adv Exp Med Biol (2014) 829:305–23. doi: 10.1007/978-1-4939-
1782-2_16

23. Jardri R, Thomas P, Delmaire C, Delion P, Pins D. The neurodynamic
organization of modality-dependent hallucinations. Cereb Cortex (2013) 23
(5):1108–17. doi: 10.1093/cercor/bhs082

24. Alonso-Solis A, Vives-Gilabert Y, Grasa E, Portella MJ, Rabella M, Sauras RB,
et al. Resting-state functional connectivity alterations in the default network of
schizophrenia patients with persistent auditory verbal hallucinations.
Schizophr Res (2015) 161(2-3):261–8. doi: 10.1016/j.schres.2014.10.047

25. Wolf N. Dysconnectivity of multiple resting-state networks in patients with
schizophrenia who have persistent auditory verbal hallucinations. J Psychiatry
Neurosci (2011) 36(6):366–74. doi: 10.1503/jpn.110008

26. Oertel-Knöchel V, Knöchel C, Matura S, Stäblein M, Prvulovic D, Maurer K,
et al. Association between symptoms of psychosis and reduced functional
connectivity of auditory cortex. Schizophr Res (2014) 160(1-3):35–42.
doi: 10.1016/j.schres.2014.10.036
August 2020 | Volume 11 | Article 765

https://doi.org/10.1016/s0140-6736(09)60995-8
https://doi.org/10.1016/j.schres.2014.05.029
https://doi.org/10.1093/schbul/sbs009
https://doi.org/10.1016/j.clinph.2007.12.005
https://doi.org/10.1093/cercor/12.12.1331
https://doi.org/10.1093/cercor/12.12.1331
https://doi.org/10.1111/j.1600-0447.1999.tb05988.x
https://doi.org/10.1080/13546800344000183
https://doi.org/10.1080/13546800344000183
https://doi.org/10.1016/j.neubiorev.2015.04.016
https://doi.org/10.3389/fpsyt.2014.00103
https://doi.org/10.1016/j.tics.2012.06.001
https://doi.org/10.1176/appi.ajp.2010.09101522
https://doi.org/10.1016/s0896-6273(00)80715-1
https://doi.org/10.1016/j.neubiorev.2007.07.012
https://doi.org/10.1016/S0022-3956(01)00053-X
https://doi.org/10.1016/S0022-3956(01)00053-X
https://doi.org/10.1093/cercor/bhl183
https://doi.org/10.1093/cercor/bhl183
https://doi.org/10.1016/j.clinph.2007.04.026
https://doi.org/10.1016/j.biopsych.2015.08.025
https://doi.org/10.1371/journal.pone.0126775
https://doi.org/10.1016/j.biopsycho.2014.05.005
https://doi.org/10.3389/fpsyt.2013.00171
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1007/978-1-4939-1782-2_16
https://doi.org/10.1007/978-1-4939-1782-2_16
https://doi.org/10.1093/cercor/bhs082
https://doi.org/10.1016/j.schres.2014.10.047
https://doi.org/10.1503/jpn.110008
https://doi.org/10.1016/j.schres.2014.10.036
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Sun et al. RSN and MMN in AVH
27. Gavrilescu M, Rossell S, Stuart GW, Shea TL, Innes-Brown H, Henshall K,
et al. Reduced connectivity of the auditory cortex in patients with auditory
hallucinations: a resting state functional magnetic resonance imaging study.
psychol Med (2009) 40(7):1149–58. doi: 10.1017/s0033291709991632

28. Hoffman RE, Fernandez T, Pittman B, Hampson M. Elevated functional
connectivity along a corticostriatal loop and the mechanism of auditory/verbal
hallucinations in patients with schizophrenia. Biol Psychiatry (2011) 69
(5):407–14. doi: 10.1016/j.biopsych.2010.09.050

29. Alderson-Day B, Diederen K, Fernyhough C, Ford JM, Horga G, Margulies
DS, et al. Auditory Hallucinations and the Brain’s Resting-State Networks:
Findings and Methodological Observations. Schizophr Bull (2016) 42
(5):1110–23. doi: 10.1093/schbul/sbw078

30. Lee SH, Wynn JK, Green MF, Kim H, Lee KJ, NamM, et al. Quantitative EEG
and low resolution electromagnetic tomography (LORETA) imaging of
patients with persistent auditory hallucinations. Schizophr Res (2006) 83(2-
3):111–9. doi: 10.1016/j.schres.2005.11.025

31. Koutsoukos E, Angelopoulos E, Maillis A, Papadimitriou GN, Stefanis C.
Indication of increased phase coupling between theta and gamma EEG
rhythms associated with the experience of auditory verbal hallucinations.
Neurosci Lett (2013) 534:242–5. doi: 10.1016/j.neulet.2012.12.005

32. Fisher DJ, Labelle A, Knott VJ. Auditory hallucinations and the P3a: attention-
switching to speech in schizophrenia. Biol Psychol (2010) 85(3):417–23.
doi: 10.1016/j.biopsycho.2010.09.003

33. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr Bull (1986) 13(2):261. doi: 10.1093/
schbul/13.2.261

34. Fisher DJ, Grant B, Smith DM, Knott VJ. Effects of deviant probability on the
‘optimal’ multi-feature mismatch negativity (MMN) paradigm. Int J
Psychophysiol (2011) 79(2):311–5. doi: 10.1016/j.ijpsycho.2010.11.006

35. Kasai K, Nakagome K, Itoh K, Koshida I, Hata A, Iwanami A, et al. Impaired
cortical network for preattentive detection of change in speech sounds in
schizophrenia: a high-resolution event-related potential study. Am J
Psychiatry (2002) 159(4):546–53. doi: 10.1176/appi.ajp.159.4.546

36. Xu P, Tian C, Zhang Y, Jing W, Wang Z, Liu T, et al. Cortical network
properties revealed by SSVEP in anesthetized rats. Sci Rep (2013) 3
(6148):2496. doi: 10.1038/srep02496

37. Jennings JR, Wood CC. Letter: The epsilon-adjustment procedure for
repeated-measures analyses of variance. Psychophysiology (1976) 13(3):277–
8. doi: 10.1111/j.1469-8986.1976.tb00116.x

38. Graux J, Bidet-Caulet A, Bonnet-Brilhault F, Camus V, Bruneau N.
Hallucinations and negative symptoms differentially revealed by frontal and
temporal responses to speech in schizophrenia. Schizophr Res (2014) 155(1-
3):39–44. doi: 10.1016/j.schres.2014.03.007

39. Waters F, Fernyhough C. Hallucinations: A Systematic Review of Points of
Similarity and Difference Across Diagnostic Classes. Schizophr Bull (2017) 43
(1):32–43. doi: 10.1093/schbul/sbw132

40. Jardri R, Hugdahl K, Hughes M, Brunelin J, Waters F, Alderson-Day B, et al. Are
Hallucinations Due to an Imbalance Between Excitatory and Inhibitory Influences
on the Brain? Schizophr Bull (2016) 42(5):1124–34. doi: 10.1093/schbul/sbw075

41. Bullmore E, Sporns O. Complex brain networks: graph theoretical analysis of
structural and functional systems. Nat Rev Neurosci (2009) 10(3):186–98.
doi: 10.1038/nrn2575

42. Stam CJ, Jones BF, Nolte G, Breakspear M, Scheltens P. Small-world networks
and functional connectivity in Alzheimer’s disease. Cereb Cortex (2007) 17
(1):92–9. doi: 10.1093/cercor/bhj127

43. Fogelson N, Li L, Li Y, Fernandez-Del-Olmo M, Santos-Garcia D, Peled A.
Functional connectivity abnormalities during contextual processing in
Frontiers in Psychiatry | www.frontiersin.org 9
schizophrenia and in Parkinson’s disease. Brain Cognit (2013) 82(3):243–53.
doi: 10.1016/j.bandc.2013.05.001

44. Stam CJ, van Straaten EC. The organization of physiological brain networks.
Clin Neurophysiol (2012) 123(6):1067–87. doi: 10.1016/j.clinph.2012.01.011

45. Slotema CW, Blom JD, Sommer IE. [Treatment strategies for auditory verbal
hallucinations]. Tijdschr Psychiatr (2014) 56(4):247–56.

46. Diederen KM, Daalman K, deWeijer AD, Neggers SF, van Gastel W, Blom JD,
et al. Auditory hallucinations elicit similar brain activation in psychotic and
nonpsychotic individuals. Schizophr Bull (2012) 38(5):1074–82. doi: 10.1093/
schbul/sbr033

47. Barkus E, Stirling J, Hopkins R, McKie S, Lewis S. Cognitive and neural
processes in non-clinical auditory hallucinations. Br J Psychiatry Suppl (2007)
51(51):s76–81. doi: 10.1192/bjp.191.51.s76

48. van Lutterveld R, Diederen KM, Otte WM, Sommer IE. Network analysis of
auditory hallucinations in nonpsychotic individuals. Hum Brain Mapp (2014)
35(4):1436–45. doi: 10.1002/hbm.22264

49. Fisher DJ, Smith DM, Labelle A, Knott VJ. Attenuation of mismatch
negativity (MMN) and novelty P300 in schizophrenia patients with
auditory hallucinations experiencing acute exacerbation of illness. Schizophr
Res (2012) 139(1-3):237–45. doi: 10.1016/j.schres.2012.06.004

50. Fisher DJ, Grant B, Smith DM, Borracci G, Labelle A, Knott VJ. Effects of
auditory hallucinations on the mismatch negativity (MMN) in schizophrenia
as measured by a modified ‘optimal’ multi-feature paradigm. Int J
Psychophysiol (2011) 81(3):245–51. doi: 10.1016/j.ijpsycho.2011.06.018

51. Duncan CC, Barry RJ, Connolly JF, Fischer C, Michie PT, Naatanen R, et al.
Event-related potentials in clinical research: guidelines for eliciting, recording,
and quantifying mismatch negativity, P300, and N400. Clin Neurophysiol
(2009) 120(11):1883–908. doi: 10.1016/j.clinph.2009.07.045

52. Thonnessen H, Boers F, Dammers J, Chen YH, Norra C, Mathiak K. Early
sensory encoding of affective prosody: neuromagnetic tomography of
emotional category changes. Neuroimage (2010) 50(1):250–9. doi: 10.1016/
j.neuroimage.2009.11.082

53. Woodruff PW. Auditory hallucinations: Insights and questions from
neuroimaging. Cognit Neuropsychiatry (2004) 9(1-2):73–91. doi: 10.1080/
13546800344000165

54. Salisbury DF, Kuroki N, Kasai K, Shenton ME, McCarley RW. Progressive and
interrelated functional and structural evidence of post-onset brain reduction
in schizophrenia. Arch Gen Psychiatry (2007) 64(5):521–9. doi: 10.1001/
archpsyc.64.5.521

55. Hubl D, Koenig T, Strik WK, Garcia LM, Dierks T. Competition for neuronal
resources: how hallucinations make themselves heard. Br J Psychiatry (2007)
190(1):57–62. doi: 10.1192/bjp.bp.106.022954

56. Gomez-Pilar J, Lubeiro A, Poza J, Hornero R, Ayuso M, Valcarcel C, et al.
Functional EEG network analysis in schizophrenia: Evidence of larger
segregation and deficit of modulation. Prog Neuropsychopharmacol Biol
Psychiatry (2017) 76:116–23. doi: 10.1016/j.pnpbp.2017.03.004

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Sun, Fang, Peng, Shi, Chen, Wang and Tan. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
August 2020 | Volume 11 | Article 765

https://doi.org/10.1017/s0033291709991632
https://doi.org/10.1016/j.biopsych.2010.09.050
https://doi.org/10.1093/schbul/sbw078
https://doi.org/10.1016/j.schres.2005.11.025
https://doi.org/10.1016/j.neulet.2012.12.005
https://doi.org/10.1016/j.biopsycho.2010.09.003
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.ijpsycho.2010.11.006
https://doi.org/10.1176/appi.ajp.159.4.546
https://doi.org/10.1038/srep02496
https://doi.org/10.1111/j.1469-8986.1976.tb00116.x
https://doi.org/10.1016/j.schres.2014.03.007
https://doi.org/10.1093/schbul/sbw132
https://doi.org/10.1093/schbul/sbw075
https://doi.org/10.1038/nrn2575
https://doi.org/10.1093/cercor/bhj127
https://doi.org/10.1016/j.bandc.2013.05.001
https://doi.org/10.1016/j.clinph.2012.01.011
https://doi.org/10.1093/schbul/sbr033
https://doi.org/10.1093/schbul/sbr033
https://doi.org/10.1192/bjp.191.51.s76
https://doi.org/10.1002/hbm.22264
https://doi.org/10.1016/j.schres.2012.06.004
https://doi.org/10.1016/j.ijpsycho.2011.06.018
https://doi.org/10.1016/j.clinph.2009.07.045
https://doi.org/10.1016/j.neuroimage.2009.11.082
https://doi.org/10.1016/j.neuroimage.2009.11.082
https://doi.org/10.1080/13546800344000165
https://doi.org/10.1080/13546800344000165
https://doi.org/10.1001/archpsyc.64.5.521
https://doi.org/10.1001/archpsyc.64.5.521
https://doi.org/10.1192/bjp.bp.106.022954
https://doi.org/10.1016/j.pnpbp.2017.03.004
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Hyper-Activated Brain Resting-State Network and Mismatch Negativity Deficit in Schizophrenia With Auditory Verbal Hallucination Revealed by an Event-Related Potential Evidence
	Introduction
	Materials and Methods
	Participants
	Auditory Oddball Task
	Data Recording
	Analyses of the Resting-State EEG Data and ERP Data

	Statistical Analysis
	Results
	Demographic Results
	Resting EEG
	MMN
	Correlation Analysis in AVH Patients

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


